Introduction {#sec1_1}
============

It has been recognized that following treatment, early hepatocellular carcinoma (HCC) shows a longer time-to-recurrence and a higher 5-year survival rate compared to those in which it has progressed. Therefore, the detection of tumors at an early stage is important to potentially decrease the mortality of this disease \[[@B1]\].

HCC has been shown to develop by multistep carcinogenesis from a low-grade dysplastic nodule (DN) to a high-grade DN followed by an early HCC and finally, a progressed HCC \[[@B2], [@B3]\]. However, the precise detection of an early HCC and the accurate differentiation between an early HCC and a DN have been difficult and remain unclear to date. The main cause of these issues is that the pathological features of an early HCC are very close to those of a DN \[[@B4]\]. As a result, the distinct pathological definition of an early HCC was not established until recently, despite much debate among renowned hepatopathologists \[[@B5], [@B6]\].

In 2009, the International Consensus Group for Hepatocellular Neoplasia (ICGHN), which was composed of 34 world-renowned pathologists and two clinicians, coming from a total of 13 countries, and which was based on the framework of the previous International Working Party (IWP) \[[@B5]\], finally announced a consensus on the pathological criteria of early HCC after significant debate \[[@B7]\]. As a special mention in this report, stromal invasion was recognized as the most important objective pathological finding for differentiating an early HCC from a DN.

Previous reports that tried to assess the diagnostic performance of various imaging modalities for evaluating early HCC, prior to the establishment of the ICGHN criteria, often lacked reliability and reproducibility owing to the vague and subjective pathological standards of reference. For this reason, the diagnostic abilities of each imaging modality for the detection of early HCC and the differentiation between an early HCC and a DN were re-evaluated and clarified based on the precise pathological diagnosis of early HCC using the ICGHN criteria \[[@B8]\]. Among the various imaging modalities, magnetic resonance imaging (MRI) with gadoxetic acid (Gd-EOB-DTPA \[Primovist\]; Bayer Schering Pharma, Berlin, Germany) (EOB-MRI) has taken on an increasingly important role, and which became available at the same time as the landmark announcement by the ICGHN \[[@B9]\]. EOB-MRI allows clinicians to assess tumor vascularity on hepatic arterial-dominant phase (HAP) images and enables the acquisition of hepatocyte-phase (HP) images with the uptake of approximately 50% of the Gd-EOB-DTPA by the hepatocytes \[[@B10], [@B11]\]. Early reports describing the results of multicenter phase III studies \[[@B12], [@B13], [@B14], [@B15]\] predicted that early HCC might show hypointensity on HP images, similar to the majority of progressed HCC, because of the lack of uptake of Gd-EOB-DTPA \[[@B15]\]. Therefore, EOB-MRI can provide excellent lesion detection of early (hypovascular) HCC by HP images. Moreover, the ability of EOB-MRI may possibly extend to the accurate differentiation between an early HCC and a DN with HP images, which has not been achieved by any previous imaging techniques \[[@B8]\].

In this review article, we will outline the current understanding and a recent consensus of the diagnostic ability of several imaging modalities for the diagnosis of early HCC. This will focus on the ability of EOB-MRI to detect early HCC, and to differentiate between an early HCC and a DN, using both our research data on surgically resected hepatocellular nodules (based on the strict pathological diagnoses by the ICGHN criteria), as well as recently published reports.

Detection and Differentiation of Early HCC with EOB-MRI {#sec1_2}
=======================================================

Clinical Significance of Hypointensity on HP Images of EOB-MRI {#sec2_1}
--------------------------------------------------------------

In undertaking a study to ascertain the most significant imaging findings for diagnosing early HCC, the use of definite pathological diagnoses, in accordance with the ICGHN criteria, was paramount \[[@B7]\]. Therefore, we included only surgically resected nodules so that the pathologists could thoroughly investigate whole nodules. Moreover, the diagnosis for each hepatocellular nodule included in our investigation was made in strict accordance to the ICGHN pathological criteria by a blinded hepatopathologist, who was a member of the ICGHN. Another ICGHN hepatopathologist, diagnosed the lesions independently to evaluate inter-observer variability. If there was disagreement in the diagnoses for any nodules, the final diagnosis was made by consensus \[[@B8]\].

In our study, the most important imaging feature of EOB-MRI proved to be hypointensity on HP images for both detecting early HCC and differentiating between an early HCC and a DN. This was superior when compared to other imaging modalities, such as contrast-enhanced CT (CE-CT), unenhanced MRI, CT during arterioportgraphy (CTAP), and CT during hepatic arteriography (CTHA) (fig [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}). Using the finding of hypointensity on HP images, the sensitivity of detecting early HCC with EOB-MRI was excellent (97%), which was far more sensitive than other imaging modalities (range, 57-73%). Similarly, an excellent specificity (100%) for differentiating between an early HCC and a DN was achieved with EOB-MRI.

In our study, several imaging modalities had a specificity of 100% for this purpose, which consisted of the presence of hypervascular foci within a nodule ("nodule-in-nodule" appearance) on HAP images of any imaging modalities, fat-containing appearance determined by hypoattenuation on unenhanced CT or a combination of in- and opposed-phase T1-weighted MR images (T1WI), and portal-flow decrease to any degree (hypoattenuation) on CTAP. However, the sensitivities of each imaging finding were low as evidenced by 10-20% for the "nodule-in-nodule" appearance obtained with HAP images, 42% and 52% for a fat-containing appearance obtained with unenhanced CT and a combination of T1WI, respectively, and 42% for a portal-flow decrease obtained with CTAP (table [1](#T1){ref-type="table"}).

Thus, we believe that the hypointensity observed on HP images of EOB-MRI made it the only imaging technique with high sensitivity and specificity for evaluating early HCC. Meanwhile, Bartolozzi et al. reported that 70% (21/30) of high-grade DN showed hypointensity on HP images \[[@B16]\]. This discrepancy may be due to the different pathological criteria employed in each institution; there is a possibility that the nodules that were diagnosed as high-grade DN, by the previous pathological criteria, are now diagnosed as early HCC by the new ICGHN criteria. Following the ICGHN criteria becoming the standard, almost all surgically resected, early-stage hepatocellular nodules have been diagnosed as either a low-grade DN or an early HCC, and have never been categorized as a high-grade DN at our institution; this study \[[@B8]\] included no high-grade DN in contrast to the study by Bartolozzi et al. \[[@B16]\]. We must recognize that the pathological distinction between an early HCC and a high-grade DN may be extremely narrow and perhaps impossible in some instances, especially when diagnosing biopsy specimens \[[@B17]\]. Nevertheless, we emphasize that the finding of hypointensity on HP images of EOB-MRI is the most definite method to determine the diagnosis of an early HCC.

Follow-Up Results for Hypovascular, Hepatocellular Nodules with EOB-MRI {#sec2_2}
-----------------------------------------------------------------------

### Hypointense Nodules on HP Images {#sec3_1}

As our investigation of the precise imaging-pathologic correlation has emphasized, almost all hypovascular, early-stage hepatocellular nodules showing hypointensity on HP images are an early HCC, and rarely a DN \[[@B8]\]. However, there may be some limitations, including the small sample size and the selection bias in this study. Generally, the majority of patients with such nodules have been followed-up and have rarely treated or even biopsied before the nodules appeared to be hypervascular on HAP images, the sign which can convince clinicians that the patient should be diagnosed with a HCC. Therefore, it is important to clarify the fate of such nodules during the follow-up period before concluding that the majority of them are early HCC.

Several follow-up results for hypointense nodules on HP images have been recently reported, although it might be difficult to compare these reports because of varying follow-up periods and nodule sizes \[[@B18],[@B19],[@B20],[@B21]\]. In our investigation, the 1-year cumulative risk of hypervascularization of such nodules was 15.6%, but it increased to 37.6% for nodules greater than 10 mm in diameter \[[@B18]\] (fig. [4](#F4){ref-type="fig"}). Surprisingly, Kumada et al. reported that the 1-year cumulative risk of hypervascularization was 77.3% for nodules equal to or greater than 15 mm in diameter, although it was only 16.9% for nodules less than 15 mm in diameter \[[@B19]\], respectively. Similarly, Kim et al. and Hyodo et al. reported that 31-35% of such nodules (including those less than 5 mm in diameter) show hypervascularization during the follow-up period (mean, approximately 1 year) \[[@B20], [@B21]\]. Considering that nodules showing hypointensity on HP images tend to appear hypervascular during the relatively short follow-up period, the majority of them might be treated as early HCC.

### Hyperintense Nodules on HP Images {#sec3_2}

In contrast to the hypointense hepatocellular nodules, almost all hypovascular, hyperintense nodules seen on HP images are benign, including regenerative nodules or low-grade DN. Therefore, the implementation of follow-up studies for such hyperintense nodules seen on HP images might not be an issue that likely receives attention by most practicing hepatologists or radiologists.

However, some investigators have suggested the existence of early HCC showing isointensity or hyperintensity on HP images. Sano et al. reported that one of 31 early HCC cases (1/31, 3%) showed isointensity \[[@B8]\]. Chen et al. have reported three cases of early HCC showing hyperintensity on HP images \[[@B22]\]. In both reports, the diagnosis of early HCC for the nodules may be conclusive because of the detailed surgicopathological evaluation performed by pathological authorities (ICGHN members). Thus, radiologists and hepatologists should recognize that early HCC can show iso- or hyperintensity on HP images, similar to benign hepatocellular nodules, thereby making HCC a kind of "wolf in sheep\'s clothing" in such cases. Therefore, it is essential to know the optimal evidence-based management of these patients.

In our experience (unpublished data), the cumulative risk of hypervascularization is less than 0.5% per person-year (fig. [5](#F5){ref-type="fig"}). The cumulative risk of hypervascularization is significantly higher in nodules equal to or greater than 10 mm in diameter (1.3% per person-year) than in those less than 10 mm in size (0.1% per person-year). The median time to hypervascularization is approximately two years. Our results suggest that the risk of hypervascularization for such nodules is extremely low, considering the incidence of HCC in patients with cirrhosis of the liver has been reported as approximately 8% per 1-year \[[@B23]\] and 13% per 3-years \[[@B24]\], respectively. The American Association for the Study of Liver Diseases (AASLD) practice guidelines for the management of HCC recommends ultrasound screening of patients with liver cirrhosis every 6 months \[[@B25]\]. Therefore, we believe that the low relevance of hyperintense nodules with a risk of hypervascularization detected on HP images of EOB-MRI, may not affect the AASLD recommendations for the clinical management of cirrhotic patients with such nodules.

Current Consensus on the Diagnosis of Early HCC with EOB-MRI {#sec1_3}
============================================================

Based on several previous studies of imaging-pathologic correlation and the clinical follow-up for nodules showing hypointensity on HP images, it may be a worldwide consensus that almost all hypovascular, early-stage hepatocellular nodules showing hypointensity on HP images consist of a combination of a high proportion of early-HCC and a lower proportion of high-grade DN; these should be assumed to be a malignancy and treated accordingly. Dr. Kudo, who is a world renowned hepatologist and an Eastern opinion leader in this field, has stated that to assume hepatocellular nodules showing hypointensity on HP images are pathological early HCC cannot hurt in the clinical setting, and that such nodules may already have the indication for treatment \[[@B26]\]. Similarly, a review paper from Western countries has emphasized that EOB-MRI appears to be useful for the differentiation of an early HCC from a DN because most HCC, including early HCC, appear hypointense as opposed to DN which do not usually show such hypointensity on HP images \[[@B27]\].

Relationship between Signal Pattern of Nodules on HP Images and Expression of OATP 1B3 within Nodules {#sec1_4}
=====================================================================================================

It has been suggested that signal-intensity patterns on HP images of hypervascular, progressed HCC depend on the expression of OATP1B3 \[[@B28], [@B29]\] and may be related to the expression pattern of multidrug resistance protein (MRP) 2 within the nodules \[[@B30]\]. However, it is still unknown whether this theory can be also extended to the evaluation of early HCC, as there has been a lack of data directly comparing the signal intensity on HP images with OATP1B3 expression in early HCC.

We have observed a good correlation between the signal-intensity patterns on HP images and OATP1B3 expression, even for early HCC and low-grade DN; more than 90% of the early HCC cases showing a decreased uptake of gadoxetic acid (hypointensity) on HP images showed no or decreased expression of OATP1B3 (fig. [6](#F6){ref-type="fig"}). In addition, 100% of the early HCC and low-grade DN cases showing increased uptake of gadoxetic acid (hyperintensity) on HP images showed increased expression of OATP1B3. Furthermore, there was no correlation between the signal-intensity patterns on HP images of the early-stage nodules and MRP2 expression.

Our results may indicate that the excellent, highly-objective diagnostic ability of HP images of EOB-MRI for diagnosing early HCC can be realized pathologically by introducing the OATP1B3 staining method. For example, the OATP1B3 staining method may be helpful for the diagnosis of very small biopsy specimens in which "stromal invasion," which is the most important ICGHN criterion for diagnosing early HCC, might not be seen. If absent or decreased expression of OATP1B3 can be identified within such biopsy specimens, early HCC can be diagnosed from such nodules.

Conclusion {#sec1_5}
==========

There is no doubt that EOB-MRI has achieved a major breakthrough for the detection of early HCC and the differentiation between an early HCC and a DN. In particular, a hypointense appearance seen on HP images is the most important imaging finding for such purposes. Using this imaging finding, both the sensitivity and specificity in the diagnosis of early HCC are almost perfect. At this time, it is just beginning to be accepted worldwide that almost all hypovascular, early-stage hepatocellular nodules showing hypointensity on HP images are early HCC, although a discrepancy in the pathological opinion remains in different institutions.

Recently, it has been elucidated that the signal-intensity patterns on HP images of EOB-MRI of early-stage hepatocellular nodules, as well as progressed HCC, are directly relevant to the expression of OATP1B3; that is, hypointense nodules seen on HP images have absent or decreased expression of OATP1B3, and that the opposite is equally true. Therefore, the diagnostic utility of pathology for the diagnosis of early HCC may be dramatically improved by introducing the OATP1B3 staining method.

![A 65-year-old man with early HCC (yellow arrows). The nodule was demonstrated as a hypointensity on opposed-phase T1-weighted MR imaging (**a**). There was no nodule on in-phase T1-weighted (**b**) and T2-weighted (**c**) MR images. The nodule was identified as slight hypoattenuation on CT during arterioportography (**d**) because the nodule showed slightly decreased portal flow compared with surrounding liver parenchyma. The nodule also showed slightly decreased arterial flow on CT during hepatic arteriography (**e**). The nodule was clearly demonstrated as exhibiting hypointensity on hepatocyte imaging of EOB-MRI (**f**).](lic-0003-0097-g01){#F1}

![A 50-year-old man with an early HCC. There was no nodule on the opposed-phase (**a**), the inphase (**b**) T1-weighted MR images or the T2-weighted MR image (**c**). There was no nodule on CT image during arterioportography (**d**) because the nodule showed equivalent portal flow compared with the surrounding liver parenchyma. The nodule (yellow arrows) showed decreased arterial flow on CT imaging during hepatic arteriography (**e**). The nodule was detected as hypointense on hepatocyte imaging via EOB-MRI (**f**). On histological examination, this nodule was identified as a small nodule with an unclear margin (thick white arrows) macroscopically (**g**). Portal invasion (white short arrows), which is a unique finding to early HCC, was identified on hematoxylin and eosin staining (**h**) and Victoria-blue staining (**i**), respectively.](lic-0003-0097-g02){#F2}

![A 58-year-old man with a conventional (hypervascular) HCC (white arrows) and an early HCC (yellow arrow). A small nodule was demonstrated as hypoattenuation (lack of portal flow) on CT imaging during arterioportography (**a**) and hyperattenuation (increased arterial flow) on CT imaging during hepatic arteriography (**b**). These findings are typical for a conventional (hypervascular) HCC. No additional nodule was not seen on these images. The conventional HCC showed hypervascularity on the hepatic arterial-dominant phase image (**c**) and hypointensity on the hepatocyte imaging (**d**) of the EOB-MRI. On hepatocyte imaging alone, a small hypointense nodule was demonstrated. The nodule was finally proven to be an early HCC based on surgicopathological examination.](lic-0003-0097-g03){#F3}

![An 81-year-old woman with a hypovascular, hypointense nodule on hepatocyte imaging of EOB-MRI (yellow arrows). A nodule of 12-mm in size was demonstrated showing hypovascularity (lack of arterial flow) on hepatic arterial-dominant phase imaging (**a**) and hypointensity on hepatocyte imaging (**b**) on the initial EOB-MRI examination. These findings are typical for an early (hypovascular) HCC. On follow-up hepatic arterial-dominant phase imaging of EOB-MRI (**c**), obtained three years after the initial EOB-MRI examination, early contrast-enhancement appeared within the nodule.](lic-0003-0097-g04){#F4}

![A 57-year-old man with a hypovascular, hyperintense nodule on hepatocyte imaging of EOB-MRI (yellow arrows) (**a**, **b**). A nodule of 8-mm in size was demonstrated as slight hyperintensity on hepatocyte imaging (**b**) of the initial EOB-MRI examination. At this time, the nodule was not identified on the hepatic arterial-dominant phase imaging (**a**) because it did not show hypervascularity. On follow-up images of an EOB-MRI obtained 12 months after the initial examination, the nodule showed hypervascularity on hepatic arterial-dominant phase imaging (**c**). The nodule remained slightly hyperintense on hepatocyte imaging (**d**). On follow-up images of EOB-MRI obtained 17 months after the initial examination, the nodule with hypervascularity increased in size on hepatic arterial-dominant phase imaging (**e**) and hepatocyte imaging (**f**). The nodule showed no interval change of the high signal intensity on hepatocyte imaging (**f**).](lic-0003-0097-g05){#F5}

![A 58-year-old man with an early HCC. No lesion was shown on the unenhanced T1WI (**a**). Hepatocyte phase imaging (**b**) showed a well-defined nodule at the posterior segment of the right lobe of the liver (arrow). The nodule showed decreased uptake of gadexetic acid (relative enhancement ratio of 0.52), resulting in hypointensity relative to the surrounding liver. This nodule showed a slight decrease of arterial flow on CT imaging during hepatic arteriography (**c**), and equivalent of portal venous flow during arterioportography (**d**) compared to the surrounding liver. The histological examination of the nodule (**e**-**g**) compared with the surrounding liver (**h**-**j**), showed slight cellular atypia and mild increased cell density with thick trabecular pattern on hematoxylin and eosin stain (**e**), no expression of OATP1B3 (**f**), and equivalent expression of MRP2 (**g**) compared with surrounding liver (**h**, **i**, **j**, respectively).](lic-0003-0097-g06){#F6}

###### 

Image findings with 100% specificity to distinguish early HCC from DN

  Image findings                                                     Modality                                    Sensitivity for early HCC
  ------------------------------------------------------------------ ------------------------------------------- ---------------------------
  Hypervascularization within nodule (nodule-in-nodule appearance)   CTHA                                        6/31 (20%)
                                                                     HAP of CE-CT                                3/31 (10%)
                                                                     HAP of EOB-MRI                              4/31 (13%)
                                                                                                                 
  Fat-containing appearance within nodule                            Unenhanced CT                               13/31 (42%)
                                                                     Combination of in- and opposed-phase T1WI   16/31 (52%)
                                                                                                                 
  Decreased portal flow within nodule (to any degree)                CTAP                                        13/31 (42%)
                                                                                                                 
  Hypointensity of nodule                                            HP image of EOB-MRI                         30/31 (97%)
